Nutritional transition influences a shift in eating behaviour that is Background: associated with a rise in the prevalence of non-communicable diseases (NCDs). Metabolic syndrome (MetS) comprises a set of NCD risk factors. This study aimed to investigate dietary patterns and to determine the relationship between dietary patterns and MetS and its components.
Introduction
Public health in most low-and middle-income countries is challenged, in addition to infectious diseases, by chronic or non-communicable diseases (NCDs) 1 . This situation coincides with economic development, demographic transition, and epidemiological changes in a population, which leads to a shift in dietary behaviours and physical activity, also known as nutrition transition 2 . The underlying dietary changes have been highlighted for Asia, including Thailand 3 . A high consumption of red meat, processed meat, and refined sugar has increased in high-and low-income countries substantially. The changes in dietary intake are aggravated by hyper-palatable processed food high in fat, salt, or sugar 4 . As an after-effect, NCDs such as cardiovascular diseases, especially type 2 diabetes mellitus (T2DM), have emerged as a pressing health problem because obesity and T2DM are closely related 5 . Thailand, as a high middle-income country, was not spared from these developments and faced a rapidly increasing T2DM prevalence; the prevalence of T2DM among Thai adults has risen from 2.3% in 1991 6 to 8.0% in 2015 7 . Thailand is divided into four major regions, and the northeast seems to have a higher prevalence of T2DM than other regions 8 . Particular regional dietary habits might be linked to the nutritional status and subsequently, to health risks such as T2DM. Sticky or glutinous rice is a staple food and more popular in the northeastern region, whereas ordinary rice is a favourite in the other regions of Thailand 4 . Metabolic syndrome (MetS), a cluster of metabolic abnormalities, such as impaired blood glucose, dyslipidemia, abdominal obesity, and high blood pressure, is known as a major precursor to T2DM and cardiovascular disease (CVD) 9,10 A systematic review study reported that the prevalence of MetS ranged from 11% to 40% among adults in countries of the Asia-Pacific region 11 . The fourth National Health Examination Survey in Thailand, in 2009, reported that the prevalence of MetS was 23.2% 12 , which was somewhat higher than in other Asian countries 13 .
In nutritional epidemiology, the analysis of dietary patterns is based on the concept of the overall food consumption and this approach was used to determine the relationship between diet and the risk of chronic diseases 14, 15 . However, dietary patterns cannot be measured directly, thus the use of statistical methods to identify dietary patterns is necessary. Factor analysis based on intercorrelations between dietary items is the predominant method to identify dietary patterns 16 . Several studies of dietary pattern analysis found that dietary patterns characterized by a high intake of meat, high-fat foods and refined carbohydrates were positively associated with an increase in risk of MetS and its components [17] [18] [19] , whereas a dietary pattern characterized by a high consumption of whole grains, fish, vegetables, and fruits was found to be protective against MetS and its components 20, 21 . One previous investigation in Thailand identified a dietary pattern consisting of a high intake of carbohydrate in the form of sticky rice, fermented fish, chili paste and bamboo shoots that was associated with MetS and its individual components 17 . However, the studies to determine dietary patterns in the Thai population are limited. It has remained unclear whether the traditional Thai diet or a changed pattern resulting from the nutrition transition is associated with the risk of MetS. The objective of this study was to identify dietary patterns derived from factor analysis and to determine the association between dietary patterns and MetS and its components.
Methods

Study population
The investigation was conducted as a cross-sectional study based on the STROBE (The Strengthening the Reporting of Observational Studies in Epidemiology) cross sectional reporting guidelines 22 . Thai adults aged 30 to 60 years living in Nam Phong district of the Khon Kaen province were invited to take part in the study. Khon Kaen is one of the central provinces in the northeastern region of Thailand, and Nam Phong district is located close to the provincial municipality and considered a semi-urban location. A two-stage cluster random sampling was conducted to select study participants. Random villages were selected from 12 sub-districts and then each study participant from one household was recruited by using a simple random sampling method. The required sample size was estimated by using a formula for multiple logistic regression 23 and the desired power of 80% was used to detect a statistically significant difference. A minimum required sample size of 416 was obtained, with 15% increase to allow for potential non-responders. Therefore, the total number of samples was 478. However, only 468 samples were remained in this study due to the exclusion criteria. Subjects were excluded if they were diagnosed with cardiovascular disease, thyroid disease, cancer and other serious health conditions as well as if their total daily energy intake was <500 kcal/day or ≥5000 kcal/day. Six participants were excluded due to cardiovascular disease, thyroid disease, cancer and other serious health conditions. Another four participants were excluded because of an implausible total energy intake. The final study population was 468 participants that included 326 women and 142 men. The study protocol was approved by the Ethics Committee of Khon Kaen University for Human Research (HE552143). After informing all participants about the details of the study, they signed an informed written consent.
Collection of demographic and health information All participants received an appointment date to be interviewed about demographic and health information at the local primary health care center at sub-district level by trained staff. By questionnaire the following information was obtained: age; sex; smoking status; marital status; educational level; monthly income; family history of a first-degree relative with DM, hypertension (HT), and dyslipidemia; medical history and medication use for DM, HT, or dyslipidemia (Part 1 and 2 -Supplementary File 1). Physical activity (PA) was assessed by using the Global Physical Activity Questionnaire (GPAQ) 24 . Levels of PA were classified as low, moderate, and vigorous according to the guidelines (Part 3 -Supplementary File 1). Blood pressure (BP) was measured in a sitting position using a digital sphygmomanometer (Omron Model HEM-711, Japan) by trained staffs at the local health care center after participants had rested for 5 minutes. A repeated measurement of BP was taken, and the average value was recorded.
Anthropometric and biochemical measurement
This procedure was conducted at the local primary health care center. Anthropometric measurement was done by trained staff. Weight and height were measured by using a calibrated digital scale and a portable stadiometer while the participants were dressed in light clothing and without shoes. Waist circumference (WC) was assessed in centimeters on a horizontal plane midway between the lower end of the rib cage and the top of the iliac crest while the individual was standing. The measurements were taken twice to the nearest 0.1 cm, and the average of the values was adopted.
Blood samples were collected by a registered nurse in the morning after fasting overnight for at least 8 hours. Fasting blood glucose (FBG), triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C) was determined at the laboratory of the Faculty of Medicine, Srinagarind Hospital, Khon Kaen University, by using an automatic analyser (Roche Cobas Mira-S Analyzer) in accordance with the manufacturer's instructions for the use of reagents and operating the equipment. Fasting blood glucose was quantified by the glucose oxidase method 25 . The levels of TG and HDL-C were measured by enzymatic methods 26 .
Food intake assessment
A semi-quantitative food frequency questionnaire (semi-FFQ) was used by trained assistants in a face-to-face interview at the local primary health care center to determine the participant's food consumption (Part 4 -Supplementary File 1). The participants were asked about the frequency of consumption and the portion size of foods during the previous month. . The testing of the validity and reliability of the semi-FFQ was described in detail previously 28 . Briefly, semi-FFQ was validated with repeated 24-hour dietary recall. The Pearson's correlation of energy and nutrient intake between two methods varied from 0.7 -0.9.
Dietary pattern analysis
Before the analysis of dietary patterns, a total of 104 food items in a semi-FFQ were categorized into 21 food groups based on the similarity of the nutrient profiles and local food groups specific to the northeast of Thailand for instance insects, freshwater animals (frogs, pond snails, and small shrimps), and internal organs of animals (Table S1 ; Supplementary File 2). Grain and grain products are the staple food of Thai cuisine, so this group was classified into three subgroups such as white rice, sticky rice, noodles and bread. Some food items had to be listed as a single food item and could not be included into a food group because of its unique nature such as eggs, milk and yogurt, seafood, energy drinks, and alcohol.
The factor analysis through principal component analysis (PCA) was used to distinguish the dietary patterns. The principal component analysis (PCA) combines correlated food groups into factors that represent dietary patterns of the population being studied 16, 29 . The varimax option (orthogonal rotation) was used to assemble food groups into dietary patterns. Food groups were considered a significant component of dietary pattern if they had a factor loading of > 0.3. A number of dietary patterns were retained based on eigenvalues of > 2.0 and a break point in the scree plot as well as the interpretability of each pattern. Dietary patterns were named based on the interpretation of the feature of food grouping. All participants received factor scores for each dietary pattern by summing up the intake of food groups weighted by their factor loadings. The scores of each dietary pattern were categorized into tertiles to indicate the levels of food consumption.
Identification of the metabolic syndrome
The MetS was identified according to the harmonized criteria agreed upon from six organisations, namely the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity 30 . Participants with three or more of the five components were included in the group of MetS. The components of MetS are the following: (1) waist circumference ≥ 90 cm in men or ≥ 80 cm in women, (2) fasting blood glucose (FBG) ≥100 mg/dL or treated diabetes, (3) triglycerides ≥150 mg/dL, (4) low high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL in men and <50 mg/dL in women, (5) systolic blood pressure (SBP) ≥130 mmHg or diastolic blood pressure (DBP) ≥85 mmHg or treated hypertension.
Statistical methods
Categorical variables were given as numbers and percentages, and continuous variables were reported as mean ± SD. To test the differences in distribution or means of the characteristic variables of study participants, the chi-square tests for categorical variables and Student's t-test for continuous variables were used. The Mann-Whitney U test was used if the distribution of results was not homogeneous. The magnitude of the association between dietary patterns and MetS and its components was determined by multiple logistic regression analysis, using backward elimination. The confounding factors adjusted in the model were age, sex, smoking status, physical activity, and medication intake. The overall trend of odds ratios (ORs) across tertiles of dietary pattern scores was assessed by using the Mantel-Haenszel chi-square test. The lowest or first tertile score of 
Results
Characteristics of the study participants are presented in Table 1 . Females, at 69.7%, were in the majority compared with 30.3% of males. The age range of women and men was not significantly different, with a mean of 49.1 ± 6.4 years. A higher proportion of females were obese (50.9%) than men (36.6%). Most of the participants were married and had finished elementary school. Men's income exceeded that of women. Physical activity seemed to be on a vigorous level (53.2%; 68.3% in men and 46.6% in women). Only a few women smoked (1.0%), but 64.1% of the men did so. Within the group of women, 49.7% indicated that a first-degree relative had a history of diabetes, hypertension or dyslipidemia, but the proportion (36.6%) was less frequent for men. Only a minority of study participants, less than 10%, regularly took medicine for diabetes, high blood pressure, or dyslipidemia. Total energy intake and the distribution intake of carbohydrate, protein, and fat of men were significantly above that of women, but the intake of defined nutrients such as fiber, cholesterol, and sugar did not differ between the sexes.
The distribution of the components of MetS within the group of participants without MetS and those with MetS are given in Table 2 . The proportion of individual components of MetS varies between the two groups as given in the table. Of the 248 participants with abdominal obesity, 62.1% falls into the group of MetS, but a considerable proportion of those with this component, 37.9%, were not in the MetS group. Likewise, the proportion of participants without MetS but with FBG above the cut-off point was18.6%; for low HDL-C, it was 45.6%; for high blood pressure was 32.4%; and for high triglyceride was 31.3%.
Two dietary patterns, named traditional and mixed, were identified by using factor analysis ( Table 3 ). The two patterns together explained 26.9% of the total variance. The variance for the mixed pattern was 14.2% and the variance for the traditional pattern was 12.7%. The mixed pattern was characterized by the consumption of a variety of foods consisting of fruits, noodles and bread, milk and yogurt, soybean and soybean products, vegetables, eggs, sweet beverages, bakery and snacks, processed meat, legumes and nuts, seafood, and white rice. The traditional pattern included a high intake of sticky rice and animal source foods consisting of internal organs of animals, freshwater animals (frogs, pond snails, and small shrimps), poultry, processed meat (Thai sausage, fermented pork sausage, hot dog sausage, and pork cracking), insects, red meat, fish, and seafood as well as energy drinks. Alcohol was not included into both the mixed pattern and traditional pattern because of a very low factor loading.
The distribution of age, sex, MetS and the five components of MetS according to tertile scores of the two dietary patterns are presented in Table 4 . The proportions of men and women 
Discussion
Two prominent dietary patterns of this cross-sectional study among northeast Thai people in the context of nutritional transition were generated by using the factor analysis, namely, the mixed pattern and the traditional pattern. A positive association was found between the traditional pattern and high TG, whereas a negative association was observed between the mixed pattern and abdominal obesity. T1  T2  T3  T1  T2  T3 (n =156) (n =156) (n =156) (n =156) (n =156) (n =156) The traditional pattern as assessed through this study showed that a distinctive pattern still follows a traditional way of food intake such as eating more sticky rice and animal source foods. The consumption of freshwater animals (frogs, pond snails, and small shrimps), internal organs of animals, and insects of various kinds have long been recognised as ingredients of the northeast diet 4 . Following the classification of a diet as traditional, sticky rice as a staple food can be rightly considered a traditional food. Previous studies reported that an ethnic-specific diet, characterized by high consumption of rice, legumes, and vegetables, was positively related to MetS and its components (low HDL-C) 31 , while another study did not find the association with MetS and its components 32 . The traditional pattern in this study, although not associated with MetS, nevertheless was significantly associated with high triglycerides. This finding might be explained by the intake of high amounts of sticky rice in the traditional pattern. Sticky rice (Oryzaglutinosa) has a high glycemic index 33 and stimulates high serum triglyceride levels 34 . Recently, the Fourth Thai National Health Examination Survey found that "carbohydrate dietary pattern" characterized by consumption of sticky rice, fermented fish, chili paste and bamboo shoots was associated with the risk of MetS and its components such as high TG and low HDL-C 17 . A study from the Korean National Health and Nutrition Examination Survey also showed that the high intake of rice-oriented pattern was significantly correlated with a higher prevalence of high TG and low HDL-C
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. Traditional patterns in this study not only included a high intake of sticky rice but also a high intake of animal source foods. Meat is an important source of total visible and invisible fat intake, particularly saturated fat. Several studies showed that dietary saturated fat consumption is associated with the risk of CVD due to increasing plasma lipid and lipoprotein 36, 37 . However, the intake of several animal source foods in this pattern, comprising insects, freshwater animals (frogs, pond snails, small shrimps) and fish, are good sources of protein and are typically low in fat. This may explain the lack of association between the traditional pattern and the MetS, but this pattern was related to high TG.
The mixed pattern was characterized by a consumption of a wide variety of food items long known to be part of the Thai cuisine (such as white rice, fruits, and vegetables), mixed with food items marketed by the food industry (such as noodles of various brands and bread, milk and yogurt, bakery and snacks, sweet beverages, and soybean and soybean products). A previous study indicated that a dietary pattern consisting of a variety of foods (such as grains and starches, vegetables and fruits, fish and seafood, meat, poultry, eggs, legumes, and dairy products) was inversely associated with the incidence of MetS among Korean adults 38 . Fruits, milk and yogurt, soybean and soybean products and vegetables, major foods characterising the mixed pattern, seem to constitute a beneficial diet 39, 40 . Fruits and vegetables constitute a high-fibre diet, which is associated with a decreased risk of obesity 40 , potentially accounting for some of the association between the mixed pattern and decreased abdominal obesity in this study. The meta-analysis of randomized controlled trials (RCTs) showed that the consumption of dairy products may have a modest benefit in facilitating weight loss in short-term or energy-restricted RCTs 39 .
As evident from Table 2 , a rather high proportion of participants had one or two components of MetS (such as low HDL-C, abdominal obesity, high BP, and high TG), but they were not included in the MetS group. Thus, MetS as such could not be statistically associated with two dietary patterns, but some components of MetS, significant statistically, could be linked to dietary patterns. High triglycerides were significantly linked to the consumption of the traditional pattern, whereas participants with no abdominal obesity related to the mixed pattern. Interpreting the statistics with caution, the mixed pattern appears to be more beneficial for health than the traditional pattern. Fruits and vegetables have long been constituents of the overall Thai dietary intake, but white rice is still the staple food throughout the country 4 and should not be considered unhealthy. What appears to be less beneficial in the traditional pattern is the intake of glutinous rice (Oryzaglutinosa) with a high glycemic index 33 , which stimulates high serum triglyceride levels 36 . Hypothetically, elevated triglyceride levels as linked to the traditional pattern here indicates the risk for consumers of this pattern to develop T2DM, and the mixed pattern might to a certain extent prevent consumers of this dietary intake from acquiring T2DM. High triglyceride blood levels have been found to be independent risk factors pointing toward the development of diabetes [41] [42] [43] . A promising approach for further studies would be to include metabolic variables closely linked to T2DM, such as insulin resistance, found to occur in hypertriglyceridemia and seem to be a risk factor for T2DM 44 .
Some limitations of this study should be considered. Dietary patterns by using factor analysis involves subjective decisions for instant the consolidation of food items into food groups, the number of dietary patterns to be retained and the identified dietary patterns could be different in case of the subjects due to different ethnicity or culture 14 . The other limitation of the cross-sectional study is not optimal for assessing causal relationship because the investigator measures the outcome and the exposures at a single period time.
Conclusion
Two different dietary patterns could be recognized; the traditional-and the mixed pattern. These dietary patterns were not found to be associated with MetS. Adherence to the traditional pattern among the northeast Thai adults, in the context of nutrition transition, was associated with high triglyceride levels and seemed to be less beneficial for the mixed pattern, which was inversely related to abdominal obesity. Our findings show that the consumption of a variety of foods may be beneficial for health outcomes. Further studies on a larger sample population, as part of a prospective study, will provide important insights into the associations of dietary patterns and the metabolic syndrome.
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In "Abstract", session "Methods", the study was conducted among 468 healthy adults but some participants in study are not healthy, please write only 468 adults. In Table 1 , focus at dietary intake, the result show the statistical significant difference of total energy intake between men and women. Do you test the difference of the other nutrients intake such as carbohydrate, protein, fat, fiber, cholesterol, and sugar between men and women? According to the distribution of these nutrients are skewed (not normal distribution), using Student's t-test may not be appropriate test. For sure, testing normality of these nutrients, if the nutrient is not normal distribution the appropriate statistical testing is Mann-Whitney U Test (nonparametric statistic). Please show the prevalence of MetS separate by sex.
The mixed pattern was characterized by the consumption of a variety of foods (factor loading >0. 3 I checked from your data and found that the participants in your study who consumed both sticky rice and white rice are 85% (398 from 468) so the dietary pattern in this study is not follow the traditional way of food intake that eating more sticky rice but they consumed both rice. From theory of factor analysis, the greater the loading, the more the variable is a pure measure of the factor. Comrey and Lee (1992) Please consider to assign the name of the new factors I just try to assign the name but the name may be not appropriate. From the new factors that we got, please re-run the analysis and discuss the results accordingly. , Thailand Pornpimon Chupanit 1) In "Abstract", session "Methods", the study was conducted among 468 healthy adults but some participants in study are not healthy, please write only 468 adults.
We had already revised. answer:
2) In Table 1 , focus at dietary intake, the result show the statistical significant difference of total energy intake between men and women. Do you test the difference of the other nutrients intake such as carbohydrate, protein, fat, fiber, cholesterol, and sugar between men and women? According to the distribution of these nutrients are skewed (not normal distribution), using Student's t-test may not be appropriate test. For sure, testing normality of these nutrients, if the nutrient is not normal distribution the appropriate statistical testing is Mann-Whitney U Test (nonparametric statistic).
(nonparametric statistic).
As suggested, the difference between groups has been tested now also by answer: non-parametric statistics.We used the Mann-Whitney U Test for total energy carbohydrate protein and fat (showed in Table 1 ).
3) Please show the prevalence of MetS separate by sex.
We added the prevalence of MetSin Table 1 . answer:
4) The 2 pattern that authors suggested, in each pattern some variable are shown in both pattern (processed meat) and the variables in each pattern are not clear cut. I checked from your data and found that the participants in your study who consumed both sticky rice and white rice are 85% (398 from 468) so the dietary pattern in this study is not follow the traditional way of food intake that eating more sticky rice but they consumed both rice. From theory of factor analysis, the greater the loading, the more the variable is a pure measure of the factor. Comrey and Lee (1992) In the international literature for dietary pattern studies this loading factor is frequently answer: used and seems to be appropriate .So for instance Castro MA. et al. reported that to use ≥ 0.25 for factor loading was an acceptable to look into dietary patterns, so factor loading > 0.3 as use in our study should be appropriate. In a normal life situation it is unlikely that the majority of groups of the ordinary population sticks to a very fixed diet, especially not if the objective of the study was to test the dietary intake in the situation of the 'nutritional transition' which is mentioned in the abstract, the introduction and the discussion. Higher loading factors will 'squeeze' the data into 'unnatural fixed groups' representing those refusing to or not being influenced by the 'transition'. Transition means that the majority of those tested might not stick on a daily basis to a very fixed dietary intake. One and the other food items will appear in both groups but with different loading factors as for instance for sticky rice and white rice (see table 3 ). It is mention that the majority of participants (85%) consumed both sticky rice and white rice. It is argued by the referee that the dietary pattern in this study doesn't follow the traditional way of food intake in that that both kinds of rice is consumed. In Fact this result should be expected in the situation of a transition of dietary intake. The loading factor for sticky rice consumed for the here so called 'traditional diet' with a 0.6 exceeds the loading factor for sticky rice for the mixed group with -0.323 by far. A similar result was achieved for white rice where the traditional group had a loading factor of -0.467 much lower that the mixed group with 0.362. So it can be concluded that the the traditional groups still have a strong tendency to follow the traditional way of consumption but already started to alternate between both kinds of rice.
